INTRODUCTION {#S1}
============

Inflammation of the brain and spinal cord protective coatings causes a disease called meningitis. It is caused by broad spectrum of factors, out of them bacterial meningitis (BM) is acute and fatal and needs to be treated urgently ([@R1]).

The disease is one of relatively common diseases for infants, so that, if it wouldn't be diagnosed urgently and correctly, healing timely would be along with fatality and many troubles like deafness, blindness, hydrocephalus, neurologic disorders, paraplegic and general paralysis, mental retardation, skin necrosis and many other cases ([@R2]-[@R3]). Additionally, ability of developing epidemic by specific causative organisms without precise evaluation of patients and emergency reporting to special care organization has made it problematic ([@R3]).

The main organisms meningitis are *S. pneumoniae*, *Haemophilus influenza* type b (Hib), and *Neisseria meningitidis* ([@R4]). Group B streptococci (GBS) and Gram-negative enteric bacilli are the main causative agents of this cerebral inflammation in neonates ([@R4]-[@R6]). The other less common causative agents are *Escherichia coli* and other Gram-negative enteric bacilli, including *Klebsiella*, *Enterobacter* and *Salmonella*, but they occur more commonly in nosocomial outbreaks in developing countries. In neonates, pathogens like *Listeria monocytogenes*, *Enterobacter sakazakii* and *Citrobacter koseri* occasionally give rise to this disease, especially during outbreaks ([@R7]-[@R9]).

*Neisseria meningitidis* is a Gram-negative, kidney shaped, encapsulated diplococcus, carried in the nasopharynx of adolescents and adults with low carriage rates in children \<10 years of age. The peak incidence of invasive disease is between the ages of 6 months and 2 years, and ranges from mild disease to fulminate septicemia leading to death ([@R10]).

Risk of meningococcal meningitis increase with being immunosuppressive e.g. Asplenic, Complement system problems, or HIV patients and under treatment with immunosuppressive drugs. The crowded places like army, university dormitories are at risk for developing meningococcal meningitis, therefore *N. meningitidis* has potential to cause large epidemics ([@R11]-[@R12]). Meningococcus is classified into 12 serogroups based on the polysaccharide capsule. Five serogroups (A, B, C, W135 and Y) are causing agents of all meningococcal disease ([@R10]-[@R11]).

In developed countries, the incidence of invasive disease has been reported \~1--5 per 100 000, but incidences are much higher in the developing countries with poor populations ([@R6], [@R11]-[@R12]).

Serogroup A causes the majority of epidemic meningococcal infection in Africa and Asia. Serogroup B and C meningococci have been responsible for the most endemic meningococcal disease in European countries prior to vaccination ([@R13]). In the United States the approved state legislation which has begun on January 1, 2012 has declared that all entering college students have to be vaccinated or booster (if the vaccination is five years old) against bacterial meningitis before commencing their activity ([@R14]). This law is required for entering students at USA public and private colleges too. At present in United States, vaccines are approved and routinely used against serogroups C and Y A and W, but not B ([@R15]). In years 2002-2003, an outbreak of serogroup W135 has been developed amongst Hajj pilgrims and Burkina Faso outbreaks ([@R16]). After the epidemics caused by *N. meningitidis* W135 in 2000 and 2001, the Ministry of Health of Saudi Arabia required all pilgrims to be vaccinated with the tetravalent (A,C,Y,W135) polysaccharide vaccine and this has further highlighted the lack of availability of this vaccine ([@R17]-[@R18]).

*Haemophilus influenzae* type b is a Gram-negative coccobacillus that causes meningitis and respiratory infections, cellulitis, epiglottitis in all cases (adults and children) mainly in under 2 years old ([@R19]-[@R20]). In Many countries the rate of disease incidence has decreased markedly by including Hib conjugate vaccines in their routine childhood immunization programs and this pathogen as a cause of meningitis in young children in those countries has been eliminated. However, the vaccine is still too expensive ([@R20]-[@R21])

*Streptococcus pneumoniae* is a major cause of community-acquired bacterial pneumonia, otitis media and meningitis ([@R22]). It has 91 known serotypes, with a limited number accounting for the majority of invasive disease isolates in specific geographic locations ([@R23]). The peak rate of both colonization and invasive disease occurs during the first 2 years of life, dropping during later childhood and rising again in old age ([@R24]). Mortality rates from meningitis are about 25-73% in children and 20-30% in adults of affected cases and are often characterized by neurological sequel in survivors.

isease rates are particularly high at the extremes of age, in patients with underlying chronic disease and in immunocompromised individuals, particularly those with HIV infection, where the incidence of disease is 50--100-fold higher ([@R25]-[@R26]). The cost of the conjugate vaccine is a disadvantage in developing countries, which carry the main burden of related disease ([@R27]).

Therefore, there is need for cheaper and more broadly cross-protective protein based pneumococcal vaccines is being pursued. In February 2000, a 7-valent pneumococcal protein--polysaccharide conjugate vaccine was licensed for use in USA. The first randomized controlled trial in \>37 000 children showed that the 7-valent vaccine prevented 94% of invasive pneumococcal cases ([@R27]-[@R28]). Both this trial and a smaller study in Finland found a reduction of \~6% in cases of otitis media, with an increase in otitis media caused by non-vaccine type organisms. The 7-valent pneumococcal vaccine does not cover all disease-causing serotypes, prompting the development of 9-, 11- and 13-valent vaccines ([@R27]). As mentioned before, worldwide, *Streptococcus pneumoniae*, *Neisseria meningitidis*, and *Haemophilus influenzae* type b (Hib) most frequently give rise to bacterial meningitis in neonates and young children. Children older than 5 years of age and adolescents are mostly affected by meningitis which has been caused by *S. pneumoniae* and *N. meningitides* ([@R28]).

There has been reports of meningitis epidemic in our country in the years, 1966-7, 1981, 1996, arising from *N.* meningitidis (10%) in Tehran in which ages between 5 to 14 and male persons had the most percentage of affection ([@R29]). *Haemophilus influenza*, serotype b which is the most invasive type of *haemophilus*, has also been reported from more than 97% of meningitis among children Iran ([@R30]). Like countries, *Streptococcus pneumoniae* is one of other common agents of meningitis in Iran,. Considering that, no research has been conducted on the serotypes of etiologic agents of meningitis in Iran; this study has addressed this issue. The study samples has been collected in 19 months in collaboration with Departments of Infectious Diseases and Pediatric surgery of Mofid, and Takhti hospitals, Valiasr Infant's Medical Center, Shohada, and Akhavan hospitals

MATERIALS AND METHODS {#S2}
=====================

Study design {#S3}
------------

An observational, descriptive study was intended to evaluate the prevalence of Bacterial meningitis (BM) in a pediatric population in some hospitals of Tehran, during a 19 month period.

Patients {#S4}
--------

In coordination with the pediatric infectious disease unit of five hospitals in Tehran, the suspected patients clinical specimens (CSF) were received as emergency. All patients with clinical diagnosis of meningitis or with fever and leukocytosis or with increased levels of serum C-reactive protein were included in the study.

Acase of bacterial meningitis was defined as a child admitted to children's hospital in the study period with suspected meningitis and diagnosis of Streptococcus *pneumoniae, Neisseria meningitidis*, and *Haemophilus influenzae* type b using conventional bacteriologic and molecular methods. Clinical conditions preceding the present state, even vaccinations and any previous disease were recorded by cooperation of child parents or supporters.

Vaccination {#S5}
-----------

In pneumococcal, Haemophilus and meningococcal vaccination, is not included in the vaccination program for the pediatric or adult population. National Vaccination for each one of mentioned bacteria is conditional and is sometimes suggested by individual physicians mainly for immune-compromised, travelers, pilgrims and soldiers.

Clinical specimens {#S6}
------------------

CSF and blood specimens were obtained from children with symptoms of meningitis, as soon as they were admitted at hospital and were processed for culture and subsequent identification.

Microbiology {#S7}
------------

The isolated bacteria were identified using conventional techniques including Gram staining, growth in differential media (Tayer Martin, Chocolate agar, Blood agar, McCongey agar) and the morphology of the colonies and standard biochemical tests including Oxidase, Catalase, Sugar utilization, Optochin test and bile solubility, Bacitracin test, TSI, IMVIC, SIM and Urea) ([@R31]).

Latex agglutination test {#S8}
------------------------

In order to investigate soluble antigens in CSF specimen, Soluble antigens of *Haemophilus influenzae* type b, *Streptococcus pneumoniea, Nisseria meningitidis* serogroups in CSF were identified using Wellcogen™ Bacterial Antigen Kit (Murex Diagnostics Ltd, USA).

Serotyping {#S9}
----------

Serotyping of Pneumococcus was performed using the capsular swelling procedure; quellung reaction (Statens Serum Institut, Copenhagen, Denmark) and in culture negative cases multiplex PCR method (SM-PCR) as described by Pai et al. in 2006 ([@R32]).

Statistical analysis {#S10}
--------------------

All variables were expressed as mean ± SD. Pearson's chi-square test and the McNemar test were used for statistical analysis. P values less than 0.05 were considered statistically significant. SPSS version 17 software was used for analysis of data.

RESULTS {#S11}
=======

Children with meningitis {#S12}
------------------------

One hundred eighty two children with suspected meningitis \[102 males (56%) and 82 females (44 %)\] were investigated in the study. Bacterial meningitis due to *N. meningitidis, H. influenzae*,and *S. pneumoniae* and group B streptococcus, and Gram negative bacteria were diagnosed in 114 patients admitted to 5 hospitals during 19 months. CSF specimens obtained from patients were analyzed by Biochemical and microbiological test according to the national protocol defined by the center of disease control of Iran ([Table 1](#T1){ref-type="table"}).

Of 182 cases of suspected meningitis, 114 \[63 males (56 %), 51 (44 %) females\] were diagnosed as having bacterial meningitis and 21 had got viral meningitis and the illness of remainder (n=47) were caused by diseases other than meningitis.

The agent most commonly associated with bacterial meningitis was *S. pneumoniae* (36% of cases), *H. influenza* (30 %) followed by Gram negative Baciili (17%) and *N. meningitidis* (14%), and group B streptococcus (6%). The case fatality rate of meningitis agents in the study were also verified ([Table 2](#T2){ref-type="table"}).

Age distribution and incidence of bacterial meningitis {#S13}
------------------------------------------------------

The mean age of patients in this study was 61±40.2 months (range \<1-166 months). The age distribution of Bacterial Meningitis BM patients is shown in ([Fig. 1](#F1){ref-type="fig"}) Larger studies are needed to give a correct estimate of BM prevalence in relation to patient age; however the present data suggest a higher frequency of BM when evaluated by different diagnostic method combinations (eg. biochemical, microbiology and PCR). On the other hand in our study we evaluated only patients admitted to five Tehran hospitals. There are other hospitals (governmental and private section) in Tehran which admit the patients too.

The incidence rate obtained by cultural methods was 91/114 (80%) cases which was lower than molecular methods (data not shown). The advantage of molecular method is because of the patients treated by antibiotics before diagnosis of BM and culture of CSF would be difficult to grow, but PCR in these types is valuable.

The main goal of this study was to evaluate the serotypes (and serogroups) of common agents of BM in the five governmental pediatric hospitals in Tehran and no other causes responsible of meningitis cases were assayed. The BM incidence relative to the different disease suspected to BM studied is mentioned in ([Fig. 1](#F1){ref-type="fig"}).

Serotyping {#S14}
----------

Microbiological culture methods allowed serogroup or serotyping ([Tables 3](#T3){ref-type="table"}-[5](#T5){ref-type="table"}) in 91./114 patients (80 %). For the other 23 (20%; 23/114) culture-negative cases, the etiology was determined either by LAT or PCR. Of these 23 cases 2 were meningococcus A and 2 Haemophilus b, and 13 pneumococcus (17/23, 74%) by LAT. As there was sufficient amount of CSF of these 19 (13/23 pneumococcus and 6 unknown cases) unidentified samples, we performed conventional PCR and then multiplex PCR with 12 primer pairs for serotypes 23f,7c, 7f,18c, 17f ,14 ,20 ,6a ,19a,8 ,3 and 1 for serotyping the culture nagative pneumococcus strains (PCR of *cps* as internal control,was positive for 16/16, 100%) the result calculated as ([Table 5](#T5){ref-type="table"}). Three (3/23, 13%) CSF samples were not positive with neither PCR of *cps* nor multiplex PCR.

Serotype distribution of *Haemophilus Influenza, Neisseria meningitidis* and *S. pneumoniae* causing meningitis in Tehran in a. 19 months study period is shown in [Tables 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}, [5](#T5){ref-type="table"}.

Based on these data only serotype b of *Haemophilus influenzae* is involved in bacterial meningitis. This serotype is one of the main causes of meningitis in children 1 to 60 months in our country. In our study, serotype B of *N. meningitdis* and serotype 18 of *S. pneumoniae* were involved in 50% and 44% of cases with meningitis.

DISCUSSION {#S15}
==========

Bacterial meningitis is a severe infection. Although the majority of cases with meningitis recover, it can cause serious complication, e.g. brain damage, deafness. It may cause even death unless the disease is treated successfully. Appropriate antibiotic treatment of meningitis would reduce the risk of death from meningitis, however the risk remains higher among young infants and the elderly population. There are other factors which reduce success of treatment, like resistance to antibiotics which should be noticed ([@R33]).

Use the recommended vaccines is the most effective way to protect children and adults against bacterial meningitis cuased by *Neisseria meningitidis, Streptococcus pneumoniae*, and *Haemophilus influenzae* type b (Hib) ([@R34]-[@R35]). However, limited information is available for bacteria causing meningitis in Iran. In this study, 114 patients were diagnosed with bacterial meningitis and the most frequent bacteria isolated were *S. pneumoniae* (36 %), which is similar with previous research by Ataee et al ([@R36]) However, a frequency of 11% for *Streptococcus pneumoniae* in CSF samples of meningitis patients have been reported in developed world ([@R28], [@R34]). The rational for this reduced rate could be due to their vaccination programs ([@R34]).

During our study period, *N. menigitidis* were only isolated from CSF of 16 (14%) patients who were younger than mandatory vaccination age. This suggests that reduction in incidence of meningitis at the ages prior to vaccination program has occurred. It can be speculated that this discrepancy may be due to several reasons; including the poor laboratory detection of *N. meningitides* as well as the mandatory vaccination programs for military recruits, pilgrimage to Haj. Accordingly, the mandatory military vaccination program should yield lower rates of meningitis in military aged-male subjects. But surprisingly the highest rate of meningitis is reported in 15-35 year old males ([@R37]-[@R39]).

An explanation for this dilemma, which is also supported by our results, could be the etiologic role of *Streptococcus pneumoniae* rather than *Neisseria meningitidis* in the reported rate of meningitis. On the other hand, there is an increase in bacterial meningitis after trauma (e.g. ear or sinus infection, car accidents, skull fractures, some surgeries) in children that mainly caused by *S. pneumoniae* including drug resistant strains ([@R33]). There are more than 91 types of pneumococcal bacteria and presently three PCV vaccines available on the global market: Prevnar (PCV-7), Synflorix(PCV-10) and Prevnar 13 (PCV-13). The pneumococcal conjugate vaccine (PCV7) protects against 7 of them (4, 6B, 9V, 14, 18C, 19F, and 23F). These bacteria types are responsible for most common severe pneumococcal infections among children ([@R34]).

The PCV-10 vaccine contains ten serotypes of pneumococcus (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F) which are conjugated to a carrier protein. The PCV-13 is a tridecavalent vaccine, meaning that it contains thirteen serotypes of pneumococcus (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F) which are conjugated to a carrier protein ([@R40]). This is the first time pneumococcal serotypes responsible for meningitis are being reported from Iran, despite earlier data from *Ataee et al*, who reported serotypes from invasive Pneumococcal Disease (IPD) ([@R36]).

According to the previous research by Ataee et al., in 2011, and present study the most frequent bacteria isolated were *Streptococcus pneumoniae* (35.67% in 2011, 36% 2013). Various researchers have reported different frequency of isolation of *Streptococcus pneumoniae* in developed countries. The reason for this difference may be due to vaccination programs. The incidence of pneumococcal meningitis declined significantly after the pneumococcal conjugate vaccine was added to the world infant immunization schedule in the developed countries ([@R1]-[@R7]). With respect to developed countries success in preventing the increase of pneumococcal infections and serotypes coverage of PCV13, the vaccination with mentioned vaccine in our region would be highly effeicient.

In Vaccination with PCV13, the number of cases with meningitis and otitis media caused by *S. pneumoniae* would be reduced. Our data concerning pneumococcal meningitis serotypes is similar with Surveillance studies of invasive pneumococcal serotypes causing disease in other developing countries that confirmed the 13-valent pneumococcal vaccine is effective against meningitis ([@R34]). Therefore, the use of the 13-valent pneumococcal conjugate vaccines for wider coverage of pneumococcal serotypes could be suggested ([@R41]-[@R42]\]. The most detected serotypes in our study were 18C:44% and then 14:17%,19A:13% which are included in PCV13. Our data indicate that vaccintion of PCV13 would prevent a large proportion of serious pneumococcal diseases meningitis.

**In conclusion**, Iran is among middle income countries but does not have the adequate infrastructure for conjugate vaccine production. This could be due to lack of precise incidence and surveillance data, which weakens the obligation for vaccination, whilst mortality or treatment expenses increases. The cost of the mentioned vaccines is a disadvantage in developing countries, which carry the main burden of related disease. Therefore there is need for cheaper and more widely cross-protective vaccines for children in Iran. According to our study results we suggest:

A.  The use of vaccination in children under 7 years old which are exposed to Hib meningitis. The Hib vaccine has had a major impact on the incidence of Hib meningitis in developed countries. This vaccines have to be implemented in our country where disease burden is not low but unidentified.

B.  In children \>50 months (\>4years) of age which are at risk of developing bacterial meningitis after accidents and truma the vaccination of these groups with pneumococcal conjugate vaccine would be beneficial.
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![Distribution of 114 cases of Bacterial meningitis according to age.](IJM-6-211f1){#F1}

###### 

Concentration of CSF Glucose, Protein and WBC, Neut, Ln cont.(%), and Serum CRP conc., and CSF to serum Glucose ratio.

  Tests                          CSF Glucose                                CSF Protein                                CSF WBC                                    %Neutrophil                              %Lymphocyt   Serum CRP Conc.                             CSF/Serum Glucose Ratio
  ------------------------------ ------------------------------------------ ------------------------------------------ ------------------------------------------ ---------------------------------------- ------------ ------------------------------------------- ------------------------------------------
  **Bacterial Meningitis**       29.9[b](#TFN4){ref-type="table-fn"}23.6±   268.6[a](#TFN2){ref-type="table-fn"}333±   2858[a](#TFN2){ref-type="table-fn"}3925±   79.5[a](#TFN2){ref-type="table-fn"}19±   19.718.3±    125.4[a](#TFN2){ref-type="table-fn"}88.9±   0.27[b](#TFN4){ref-type="table-fn"}0.22±
                                                                                                                                                                                                                                                                    
  **Not bacterial Meningitis**   **72.6±11**                                **19.55.3±**                               **1.852.17±**                              **00±**                                  **00±**      **\<80±**                                   **0.710.07±**

There was a significant increase between bacterial group and other groups.

P \<0.001

There was a significant decrease between bacterial group and other groups.

P \<0.001

###### 

Causes of 114 Bacterial Meningitis cases and case fatality.

  Organism                     Number Of patients   Percentage[\*](#TFN5){ref-type="table-fn"}   Fatality
  ---------------------------- -------------------- -------------------------------------------- ----------
  *Streptococcus pneumoniae*   40                   36                                           5
  *Haemophilus influenzae*     30                   26                                           1
  *Gram negative- Bacilli*     19                   17                                           2
  *Neisseria meningitidis*     16                   14                                           3
  *Group B streptococcus*      7                    6                                            1
  *Other*                      2                    2                                            0

Frequency of isolated bacteria from CSF meningitis patients

###### 

Serotype distribution of *Haemophilus Influenza* in 114 cases

  H.Influenza serotype   a   b     c   d   e
  ---------------------- --- ----- --- --- ---
  Percent (%)            0   100   0   0   0

###### 

Serogroup distribution of *Neisseria meningitis* in this study

  Meningococcal serotype   A    B    C    W135   Z   Ntype
  ------------------------ ---- ---- ---- ------ --- -------
  Percent (%)              19   51   24   1      2   3

###### 

Serotype distribution of pneumococcus causing meningitis

  Pneumococcal serotype   23f   5   19A   18C   14   9v   8   7F   6A   4   3
  ----------------------- ----- --- ----- ----- ---- ---- --- ---- ---- --- ---
  Percent (%)             2     1   13    44    17   2    2   4    9    3   3
